Phorbol esters induce oscillatory contractions of intestinal smooth muscles.
The actions of tumor-promoting phorbol esters in smooth muscle excitation-contraction coupling were studied in isolated guinea pig ileum in the presence of various contractile agents. Muscarinic agonists, histamine and bradykinin elicited an initial transient phasic contraction and a subsequent sustained tonic contraction in guinea pig ileum. The Ca2+ channel antagonist nifedipine selectively inhibited the tonic contraction. Phorbol esters, protein kinase C activators, induced immediate muscle relaxation followed by oscillatory contractions when added during the tonic phase of contraction. Phorbol esters, when added in advance, slightly altered the ligand-induced phasic contraction but converted tonic contractions into oscillatory spikes. The amplitude, frequency and shape of the oscillation induced by phorbol esters were dependent upon the dose of phorbol ester: amplitude was increased and frequency was decreased by increasing the doses of phorbol ester. In contrast, the phorbol ester potentiated the tonic contraction induced by high potassium chloride with little effect on the phasic component. It also sensitized the muscles to Bay K 8644. Bay K 8644, which was ineffective in stimulating muscle contraction at 1 nM, became a very effective stimulator in the presence of the phorbol ester. All of these phorbol ester-induced potentiations and oscillations were sensitive to inhibition by staurosporine or nifedipine. These data suggest that in guinea pig ileum, protein kinase C plays a positive regulatory role in Ca2+ channel activation and promotes a complex regulatory effect on Ca(2+)-mobilizing ligand-stimulated Ca2+ channel activity, which results in oscillatory contractile responses to carbachol, methacholine, histamine and bradykinin.